The objectives of this trial were to determine the rumen undegradable protein (RUP) of dried distillers grains with solubles (DDGS), to compare the estimates of duodenal bacterial CP (BCP) fl ow using diaminopumelic acid (DAPA) or DNA as bacterial markers, and to estimate duodenal protozoal CP (PCP) and yeast CP (YCP) fl ow when DDGS are fed. Three crossbred steers fi tted with ruminal and double L-shaped duodenal cannulae (average BW 780 ± 137 kg) were used in a 3 treatment, 6 period crossover design. Animals were housed in individual free stalls and fed twice daily at 0700 and 1900 h. Diets (DM basis) were 1) CONTROL, which is 0% DDGS but with 19.5% corn bran, 20% sorghum silage, 60% brome hay, 0.5% trace minerals, and 0.25% urea, 2) LOW DDGS, which is inclusion of 9.75% DDGS replacing equal percentage of corn bran, and 3) HIGH DDGS, which is inclusion of 19.5% DDGS completely replacing corn bran. Duodenal BCP fl ow was estimated using DAPA and DNA as bacterial markers. In addition, duodenal PCP and YCP fl ow were estimated using DNA markers.
INTRODUCTION
The rumen undegradable protein (RUP) of dried distillers grains with solubles (DDGS) has been suggested to range from 56 (Kelzer et al., 2010a) to 72% of CP (NRC, 2000; Archibeque et al., 2008) . More specifi cally, rumen degradability characteristics of protein contained in DDGS are variable (Aines et al., 1987) and may be infl uenced by production plant (Spiehs et al., 2002) , protein originating from yeast that may also resist rumen degradation (Tagari et al., 1986; Castillo-Lopez et al., 2010) , and small particle size (Dewhurst et al., 1995) . Accurate determination of RUP is important because it contributes to MP (NRC, 2000) . When fed to cattle, DDGS may contribute to the supply of MP from RUP and supply energy and N that rumen microbes may use to synthesize microbial CP (MCP) .
Determination of the RUP concentration of feed is conducted through in vivo (Vanzant et al., 1996) , in situ (Ørskov and McDonald, 1979; Kelzer et al., 2010a) , or in vitro (Krishnamoorthy et al., 1983; Poos-Floyd et al., 1985) methods. Compared with in situ, in vivo estimations of RUP are more expensive and time consuming (Vanzant et al., 1996) but may be superior because they involve exposure of the feed to all of the biochemical processes in the digestive tract (Johnson, 1966) .
The estimation of MCP relies on the use of microbial markers, such as purines (Zinn and Owens, 1986; Obispo and Dehority, 1999) , DNA (Sylvester et al., 2005; Belanche et al., 2011b) , diaminopumelic acid (DAPA; Webster et al., 1990; Broderick and Merchen, 1992) , or labeled isotopes (Stern and Hoover, 1979) . The objectives of this experiment were to 1) determine the RUP of DDGS, 2) compare the estimates of duodenal bacterial CP (BCP) fl ow using DAPA or DNA as bacterial markers, and 3) estimate duodenal protozoal CP (PCP) and yeast CP (YCP). We hypothesized that the addition of DDGS to diets would increase rumen MCP synthesis and provide duodenal protein of yeast origin.
MATERIALS AND METHODS
The experimental steers were managed according to the guidelines stipulated by the University of Nebraska Animal Care and Use Committee.
Animals and Treatments
Three British-bred crossbred steers fi tted with ruminal and double L-shaped duodenal cannulae were used in this experiment, which was a 3 treatment, 6 period crossover design. Duodenal cannulations were conducted as described by Streeter et al. (1991) . Briefl y, the cannula was constructed from cyclopolyvinyl chloride water pipe fi ttings. Construction materials are fairly rigid, but by connecting the split cannula pieces with elastic castration bands the cannula had some fl exibility. A short cone was placed over the exposed cannula barrel to reduce mechanical damage to the intestine. Cattle were fasted for 12 h before surgery. Surgeries were conducted after local anesthesia of the surgical area with 2% lidocaine. Surgeries were conducted as animals were standing blindfolded to reduce disturbance to the animal by the movements of the surgical team. Standard aseptic surgical conditions were used. Laparotomy was performed to place the cannula in the proximal duodenum of each animal. Steers received each treatment twice on 1 of six 19-d experimental periods. Animals averaged 780 ± 137 kg of BW throughout the trial and were housed in individual free box stalls.
Treatments were formulated to include 0, 9.75, or 19.5% DDGS (DM basis), which were obtained from a Nebraska-based corn-ethanol plant (Green Plains Renewable Energy, Central City, NE). Table 1 lists the  ingredients and chemical composition of each treatment diet. In addition, the chemical composition of feed ingredients used in this experiment is listed in Table 2 . These diets were formulated so that DDGS would replace only corn bran and urea. Total mixed rations (TMR) were mixed by hand daily and animals were fed 2 times per day at 0700 and 1900 h. The amount of feed offered was adjusted before the initiation of the trial to 95% of ad libitum intake during a 10 d period followed by the experimental periods. Water was available for ad libitum Ether extract, % DM 11.7 ± 0.51 2.0 ± 0.15 1.5 ± 0.27 1.7 ± 0.18
Ash, % DM 4.3 ± 0.12 1.0 ± 0.09 8.2 ± 0.25 8.2 ± 0.50 YCP 3 , % DM 1.4 ± 0.02 1 CONTROL, which is 0% (DM basis) DDGS, but with 19.5% corn bran, 20% sorghum silage, 60% brome hay, 0.5% trace minerals and 0.25% urea. LOW DDGS, which is inclusion of 9.75% (DM basis) DDGS replacing equal percentage of corn bran. HIGH DDGS, which is inclusion of 19.5% (DM basis) DDGS completely replacing corn bran.
2 DDGS obtained from a Nebraska-based ethanol plant (Green Plains Renewable Energy, Central City, NE).
3 YCP = yeast CP, measured using DNA markers through real-time PCR.
consumption. Chromic oxide (Cr 2 O 3 ) was used as a marker for the estimation of duodenal fl ow (Hutton et al., 1971; Harvatine et al., 2002; Sylvester et al., 2005 (Waller et al., 1980; Owens and Hanson, 1992) . In addition, great diurnal variation has been reported in the concentration of Cr 2 O 3 in digesta of ruminants (Hopson and McCroskey, 1972) . However, this problem can be overcome if enough samples are collected throughout the day to provide an average sample in which the marker concentration is representative of the entire day (Titgemeyer, 1997) .
Ruminal pH Measurement
Ruminal pH was measured according to the protocol described by Rolfe et al. (2009) . Briefl y, during d 16 through 19 of each period ruminal pH was measured once every minute continuously using a wireless pH probe (Dascor Inc., Escondido, CA). The probe was placed into the ventral sac of the rumen of each steer. Each probe contained a data logger, 9-V battery, and an electrode cable housed in a watertight capsule constructed out of polyvinyl chloride (PVC) material. Each pH electrode was enclosed in a weighted, PVC cover that maintained the electrode in the ventral sac of the rumen. Measurements of ruminal pH were averaged by steer across the 4 collection days, so that a period of 24 h was represented in each period. This would allow us a better illustration of ruminal pH variation with time after feeding. From these values, minimum, maximum, and mean ruminal pH was calculated for each steer. The time and area below the mean ruminal pH (averaged across treatments) are also presented. Wireless ruminal pH probes were calibrated before inserting them into the rumen and after downloading pH data collected into calculation spread sheets at the end of each period. The use if this method and type of rumen pH probes has also been reported to be effective by other researchers (Penner et al., 2006; Silveira et al., 2007) .
Duodenal Digesta and Feed Sampling
Duodenal digesta contents (200 mL) were collected every 4 h and placed in 250-mL Nalgene bottles (Thermo Scientifi c Inc., Waltham, MA) during d 16 through 19 of each period. Collection time was advanced 1 h in subsequent collection days, so that every 60-min interval in a 24-h period was represented (6 samples per day and a total of 24 samples per steer per period). Samples were collected on d 16 at 0700, 1100, 1500, 1900, 2300, and 0300 h, on d 17 at 0800, 1200, 1600, 2000, 0000, and 0400 h, on d 18 at 0900, 1300, 1700, 2100, 0100, and 0500 h, and on d 19 at 1000, 1400, 1800, 2200, 0200, and 0600 h. Samples were then composited by steer and by day within period and immediately frozen at -20°C for subsequent analyses. Samples of individual feed ingredients as well as samples of the TMR for each treatment were also collected twice daily immediately after feeding on d 16 through 19 of each period and frozen at -20°C for later analysis.
Isolation of Ruminal Bacteria
On d 18 and 19 of each experimental period, 1.5 L of whole ruminal digesta contents were collected from 4 different locations within the rumen at 1000 and 1600 h (d 18) and 1200 and 1800 h (d 19). Then, ruminal bacteria were isolated according to the procedure described by Hristov et al. (2005) . Briefl y, whole ruminal contents were composited and squeezed through 2 layers of cheesecloth and the fi ltrate was retained. Solids remaining on the cheesecloth were added to a volume of cold buffer (McDougall, 1948) equal to the volume of fi ltrate and shaken manually in a screw-capped jar to dislodge the ruminal microorganisms loosely associated with feed particles. This suspension was then squeezed through 2 layers of cheesecloth and the 2 fi ltrates were combined (1:1 vol/vol) and preserved with 5% (vol/vol) formalin. From this sample, bacteria were harvested via differential centrifugation (Hristov and Broderick, 1996) with an initial low-speed centrifugation at 400 × g for 5 min at 4°C and a subsequent high-speed centrifugation at 20,000 × g for 15 min at 4°C. Samples were maintained on ice during processing. The supernatant was then discarded and the isolated bacterial pellets were composited by steer and period and frozen at -20°C for later analysis.
Laboratory Procedures
Analysis of Feed, Duodenal Digesta, and Bacterial Pellets. Collected feed ingredient and TMR samples were dried for 48 h at 60°C in a forced air oven, ground to pass through a 1-mm screen (Wiley mill; Arthur A. Thomas Co., Philadelphia, PA), and analyzed for chemical composition by an external laboratory (Cumberland Valley Analytical Services, Hagerstown, MD), which included DM (method # 930.15; AOAC, 2000) , N (Leco FP-528 N Combustion Analyzer; Leco Corp., St. Joseph, MI), NDF (Van Soest et al., 1991) , starch (Hall, 2009), ether extract (; method # 2003.05; AOAC, 2006), and ash (method # 942.05; AOAC, 2000) . In addition, the concentration of yeast (Saccharomyces cerevisiae) protein was measured from subsamples of DDGS collected. This was conducted by using DNA markers as described by Castillo-Lopez et al. (2010) . Briefl y, the ratio of yeast DNA marker:protein was established from a pure sample of yeast. Then, the yeast DNA marker was measured from subsamples of DDGS. From those values, the amount of yeast protein in samples was determined. Nutrient composition of the diets (Table 1) was calculated based on analysis of individual feed ingredient and the rate of inclusion to the diet.
Collected duodenal contents were lyophilized and ground to pass through a 1-mm screen using a Wiley mill (Arthur H. Thomas, Philadelphia, PA). Then, ground samples were analyzed for DM (100°C oven for 24 h) and ash (method #942.05; AOAC, 2000) . Duodenal samples were also analyzed for Cr 2 O 3 by an external laboratory (Servi-Tech Laboratories, Hastings, NE) by sample digestion in 10 mL nitric acid and 3 mL peroxide, with a hydrochloric acid addition, and analyzed by inductive coupled plasma.
Isolated bacterial pellets were lyophilized and ground using a mortar and pestle and then analyzed for DM (AOAC, 2000) and N (Leco FP-528 N Combustion Analyzer; Leco Corp., St. Joseph, MI).
Estimation of Bacterial CP using Diaminopumelic Acid as a Bacterial Marker. The use of DAPA as a bacterial marker has been widely reported (Dufva et al., 1982; Webster et al., 1990; Csapo et al., 2008) . In the present study, isolated ruminal bacterial pellets were collected and duodenal digesta samples were analyzed for DAPA using a 717 HPLC system (Waters Corporation Inc., Milford, MA) according to the procedure described by Webster et al. (1990) . Briefl y, between 150 and 180 mg of ground duodenal digesta samples or between 28 and 30 mg of ground bacterial pellets were weighed and placed into screw cap culture tubes (25 by 125 mm). Then, 3 mL of methasulfonic acid was added to each tube and samples were hydrolyzed at 110°C for 22 h. Samples were neutralized with sodium hydroxide and pH was adjusted to 7.0 to 7.5 with sulfuric acid or sodium hydroxide. This step was followed by 2 clean up procedures, fi rst by adding HCl-washed charcoal (Sigma Chemical Co., St. Louis, MO) and centrifuging samples at 1,000 × g for 20 min at 5°C and then by fi ltering samples through a Sep-Pak C-18 cartridge fi lter (Waters Associates, Milford, MA). Then, 1 mL of o-phthalaldehyde derivatization solution was added to 1.0 mL of sample in a small test tube; contents were mixed thoroughly and reacted for 14 h at 4°C. Finally, 20 μL of derivatized sample were injected into the column.
Results from HPLC were used to calculate the concentration of DAPA in the samples. Then, the ratios DAPA:N (N measured by N combustion from isolated ruminal bacterial pellets) were used to estimate the concentration of BCP from each duodenal sample. To do so, the ratio DAPA:N was independently established for isolated bacterial pellets from each steer in each period and was used to calculate duodenal BCP fl ow from samples taken from the corresponding animal and period.
Estimation of Bacterial CP using DNA as Bacterial Marker. Bacterial CP was also estimated based on the ratio of bacterial DNA marker:N. To do so, bacterial DNA was extracted by the repeat bead beating plus column method according to the extraction method for PCR-quality DNA from digesta samples described by Yu and Morrison (2004) . Briefl y, collected samples of duodenal digesta and ruminal bacteria were combined with lysis buffer and beads, and then they were shaken for physical disruption of cells and exposure of cellular contents. Then, DNA and RNA were precipitated, and fi nally, DNA was purifi ed by applying a series of centrifugation steps and by eliminating the RNA and proteins. The concentration of DNA in each sample was measured by spectrophotometry (NanoDrop ND-1000 Spectrophotometer; NanoDrop Technologies Inc., Wilmington, DE) and stored at -20°C in aliquots of 25 μL for later analysis for BCP using real-time PCR.
Bacterial DNA marker used in this study have been reported elsewhere and it is part of the gene encoding the 16S rRNA, which has been shown to be highly preserved in bacteria (Ogier et al., 2002; Zimmermann et al., 2010) . The National Center of Biotechnology Information (NCBI) accession number of the targeted bacterial DNA marker is FJ715623. The marker is composed of a forward primer, a TaqMan probe, and a reverse primer: forward primer 5′-act cct acg gga ggc agc ag-3′, TaqMan probe 5′-FAM/tgc cag cag ccg cgg taa tac/TAMRA-3′, and reverse primer 5′-gac tac cag ggt atc taa tcc-3′.
Real-time PCR reactions were as follows: 4 μL of DNA sample were combined with 1 μL of 10 μM forward primer, 1 μL of 10 μM reverse primer, 0.25 μL of 10 μM TaqMan probe, 7.5 μL of TaqMan Master Mix (Applied Biosystems, Foster City, CA), and 1.25 μL of nanopure water. Two samples with no DNA were included and used as nontemplate controls. Each sample was run in duplicate in separate wells of the 384-well real-time PCR plate. The DNA samples were subjected to realtime PCR using a 7900HT Fast Real-Time PCR System (Applied Biosystems).
Temperature cycling was as described by Moya et al. (2009) with some variations. Specifi c conditions were as follows: stage 1: 50°C for 2 min; stage 2: 95°C for 10 min; and stage 3: 45 cycles alternating denaturation at 95°C for 15 s and then annealing and polymerization at 60°C for 1 min. Results from real-time PCR were used to estimate BCP according to calculations described by Castillo-Lopez et al. (2010) . Briefl y, the ratio of bacterial DNA marker:N (from isolated ruminal bacterial pellet) was established and used to estimate BCP from duodenal samples. Similar to the DAPA assay, the ratio bacterial marker:N was established for isolated bacterial pellets from each steer in each period.
Estimation of Protozoal CP and Yeast CP. For the estimation of duodenal PCP and YCP fl ow, DNA extraction method, real-time PCR reactions and conditions, and calculations were identical to those used for the estimation of BCP. The ratio of protozoal DNA marker:N was established from isolated ruminal protozoal pellets (Shabi et al., 2000) . The protozoal DNA marker used has been reported elsewhere (Sylvester et al., 2005) and it is part of the gene encoding the 18S rRNA. This marker is composed of a forward primer, a TaqMan probe, and a reverse primer: forward primer 5′-gct ttc gwt ggt agt gta tt-3′, TaqMan probe 5′-FAM/cgg aag gca gca ggc gc/TAMRA-3′, and reverse primer 5′-act tgc cct cya atc gtw ct-3′. From the ratio of protozoal DNA marker:N, the amount of duodenal PCP was calculated. The ratio of yeast DNA marker:N from a sample of yeast pellet (S. cerevisiae) was also established. Yeast marker was designed from part of the II chromosome of S. cerevisiae genome (Castillo-Lopez et al., 2010) . To design these oligonucleotides, the NCBI blast software (http://www. ncbi.nlm.nih.gov/) was used to verify that this DNA sequence belongs only to S. cerevisiae, so that it will not be confounded by other related fungi species. The NCBI accession number of the targeted yeast DNA marker is Y08934. Similar to bacterial and protozoal DNA markers, yeast DNA marker is composed of a forward primer, a TaqMan probe, and a reverse primer: forward primer 5′-cct gct aaa ctg cag ctt gac-3′, TaqMan probe 5′-FAM/ctg cgg acc ctg cag tcc agc/TAMRA-3′, and reverse primer 5′-cag cgt ttg cgt tcc atg ac-3′. These oligonucleotides were analyzed with the oligo analyzer of the integrated DNA technology (IDT) program (http://www.idtdna. com/Home/Home.aspx). This was done to verify whether those oligonucleotides are adequate for being used in real-time PCR assays. From the ratio yeast DNA marker:N, the amount of duodenal YCP was calculated.
Calculation of Duodenal Flow
The use of Cr 2 O 3 as a marker for the estimation of digesta fl ow has been reported elsewhere (Christiansen and Webb, 1990; Titgemeyer, 1997; Kozloski et al., 1998) . Duodenal fl ows were calculated as described by Erasmus et al. (1992) . Briefl y, the fl ow of DM was calculated by dividing the amount of daily Cr 2 O 3 dosed by Cr 2 O 3 concentration in ground duodenal samples. Then, DM fl ow was expressed in grams per day. Duodenal fl ow of CP was calculated by multiplying DM fl ow by the concentration of CP (N × 6.25) in duodenal samples (DM basis). Flow of OM, ash, BCP, PCP, and YCP were calculated in a similar fashion.
Estimate of Rumen Undegradable Protein Content of Dried Distillers Grains with Solubles
Equation [1] denotes the calculations conducted for the estimation of RUP as a percent of CP contained in DDGS. Given that DMI was constant across treatments (Table 3) , DDGS RUP was determined by difference of residual duodenal CP fl ow (between CONTROL and HIGH DDGS treatment) divided by DDGS CP intake. Briefl y, the estimate of residual duodenal CP (non-BCP) fl ow of CONTROL diet was subtracted from estimate of residual duodenal CP fl ow of HIGH DDGS treatment and then the result was divided by CP originating from DDGS intake and the fi nal result was expressed as a percent of DDGS CP.
In addition, we corrected this value for corn bran RUP. To do so, duodenal RUP fl ow originating from corn bran was calculated and subtracted from residual duodenal CP of CONTROL diet. This calculation was based on the assumption that the value of RUP in corn bran is 13% (Herold, 1999; Mass et al., 1999) . The amount of RUP originating from corn bran was determined to be 31 g/d and the intake of CP originating from DDGS was determined to be 570 g/d. originating from corn bran (contained in the CONTROL diet), which was calculated by multiplying daily DMI by percent of corn bran in diet by percent RUP of corn bran, and intake of CP originating from DDGS, which was calculated by multiplying daily DMI by percent DDGS in diet by percent CP of DDGS. The calculation of DDGS RUP was conducted fi rst by using results of duodenal BCP fl ow obtained when using DAPA as bacterial marker and then by using duodenal BCP fl ow obtained when using DNA as bacterial marker (data presented in Table 4 ).
Calculation of DDGS RUP when using DAPA as bacterial marker: 
Statistical Analysis
Data collected on ruminal pH and duodenal fl ow were analyzed using the MIXED procedure (SAS Inst. Inc., Cary, NC) as a 3 treatment, 6 period crossover design assuming treatment and period as fi xed effects and steer as a random effect. Using the CONTRAST statement of SAS, linear effects of treatments were tested. In this design all animals received each treatment twice. To compare the estimates of duodenal BCP fl ow using DAPA or DNA as bacterial markers, data were analyzed with a model that included treatment, period, and method as fi xed effects and steer as a random effect. Treatment means are presented as least square means and the largest SEM is reported. Signifi cance was declared at P ≤ 0.05 and tendency was declared if P > 0.05 and P ≤ 0.15.
RESULTS AND DISCUSSION

Animals, DMI, and CP Intake
During the last period, 1 animal was removed from the experiment because of a dramatic decrease in DMI and a suspected health problem. Table 3 lists DMI and CP intake from steers fed CONTROL, LOW DDGS, and HIGH DDGS. As designed, averaged DMI was similar for all treatments. Intake of CP increased (P < 0.01) with increasing levels of DDGS. Table 3 lists ruminal pH measurements collected averaged across d 16 through 19 of experimental periods. Mean ruminal pH was not affected (P = 0.88) by level of DDGS and averaged 6.4 ± 0.09 across treatments. In addition, the time (P = 0.68) and area (P = 0.98) below pH 6.4 were not affected and averaged 567 ± 362 min/d 3 BCP = bacterial CP, estimated using diaminopumelic acid as bacterial marker.
Ruminal pH Measurements
4 Calculated as total CP minus BCP.
5 MCP = microbial CP, estimated by using DNA markers and is the sum of BCP and protozoal CP (PCP). 6 Residual CP calculated as total CP minus MCP.
and 80 ± 61 pH × min/d, respectively. Measurements indicate that ruminal pH was highest just before feeding and declined for approximately 4 to 5 h thereafter before gradually increasing and return to near its previous value before feeding. Mean ruminal pH observed in this study was higher compared with values reported in other studies for animal consuming DDGS. For example, Leupp et al. (2009b) found mean ruminal pH to be 6.35 for steers consuming a diet containing 15% DDGS. In addition, Peter et al. (2000) reported mean ruminal pH to be 6.23 for steers consuming a diet based on alfalfa hay and cracked corn with 20% inclusion of DDGS. Overall, ruminal pH observed in this study was in normal range and was not expected to have a detrimental effect on rumen fermentation and ruminal microbial protein synthesis (Russell et al., 1979; Russell and Rychlik, 2001 ). Table 4 lists the duodenal fl ow of DM, OM, ash, and total CP for steers fed CONTROL, LOW DDGS, and HIGH DDGS treatments. High variability in duodenal DM fl ow was observed in this study. The great variability in DM fl ow when using Cr 2 O 3 as a digesta marker has been reported elsewhere (Drennan et al., 1970; Faichney, 1975; Waller et al., 1980) and it has been suggested that this may be caused by diurnal variations in the concentration of Cr 2 O 3 in digesta. The effect of diurnal variation, however, was expected to be overcome by compositing samples collected throughout the same day (Titgemeyer, 1997) . Studies have also suggested that Cr 2 O 3 may not consistently fl ow with the digesta as a result of poor mixing (Drennan et al., 1970; Faichney, 1975) when supplied in gelatin boluses (Titgemeyer, 1997) , which have contributed to the high variability in our observations.
Duodenal Flow of DM, OM, Ash, and CP
The inclusion of DDGS in diets had no effect (P = 0.87) on duodenal DM fl ow, which was observed to be 5,406, 5,305, and 5,541 ± 1,025 g/d for CONTROL, LOW DDGS, and HIGH DDGS, respectively. In addition, duodenal OM fl ow was unaffected (P = 0.83) with estimates of 4,681, 4,588, and 4,805 ± 871 g/d for CONTROL, LOW DDGS, and HIGH DDGS treatments, respectively. Furthermore, duodenal ash fl ow was not affected (P = 0.91) by DDGS inclusion; estimates were 725, 717, and 736 ± 157 g/d for CONTROL, LOW DDGS, and HIGH DDGS treatments, respectively. These observations were expected because DMI was similar across treatments. Also, DDGS replaced corn bran, which likely has similar digestibility. In contrast, total duodenal CP fl ow tended (P = 0.12) to increase with increasing levels of DDGS. Estimates were 953, 1,030, and 1,168 ± 201 g/d for CONTROL, LOW DDGS, and HIGH DDGS treatments, respectively. Although duodenal fl ow of OM was not affected in this study, when steers are fed ad libitum, an increase in duodenal OM fl ow with increasing DDGS has been reported (Leupp et al., 2009a) . These authors observed that duodenal OM fl ow was 3.51 and 4.10 kg/d when animals were fed 0 or 1.2% of BW daily of DDGS. However, the increase in OM fl ow observed by these researchers was associated with an increase in DMI. It is important to note that in that study DDGS replaced smooth brome hay whereas in the current study DDGS replaced corn bran. Relative differences in ruminal digestibility and retention time may also affect fl ow (Bach et al., 2005 ). An increase in duodenal CP fl ow with increasing DDGS levels in the current study could be explained by greater CP content in DDGS added treatments compared with CONTROL (10.6, 11.9, and 13.0 ± 1.2% CP for CONTROL, LOW DDGS, and HIGH DDGS, respectively) and due to greater RUP supplied by DDGS, which provided more protein resistant to ruminal degradation compared with corn bran that has lower levels of CP mostly degradable in the rumen (Herold, 1999) .
Rumen Undegradable Protein Content of Dried Distillers Grains with Solubles
The estimate of DDGS RUP determined in this experiment averaged 63.0 ± 0.64%. This value is greater than that reported by Schingoethe et al. (2009) , who suggested that the RUP contained in DDGS is 55% when fed to dairy cows. Dairy cattle would have a greater passage rate than the steers used in the present experiment and this should result to a greater RUP (Bateman et al., 2005) . In addition, our estimate is greater than that reported by Kelzer et al. (2010a) , who used a16-h nylon bag rumen incubation and reported that the RUP contained in DDGS is 56.3%. However, the observed value of RUP in DDGS in the current study is less compared with DDGS RUP (70.3%) reported by the NRC (2001). Our results are similar to dried distillers grains RUP reported by Cao et al. (2009) . These authors incubated samples in nylon bags for 3, 6, 12, 18, 24 , and 48 h and used an exponential model to determine in situ degradation curves of CP (Ørskov and McDonald, 1979; McDonald, 1981) and observed that 64% of dried distillers grains CP escapes ruminal degradation. Interestingly, the estimate of RUP contained in DDGS determined in the current study is greater compared with dried corn grain RUP (58.8% CP) or cracked corn grain RUP (55.3% CP; NRC, 2001 ). This observation may support the suggestion of Kleinschmit et al. (2007) that the heat applied during the drying process may reduce the availability of protein to ruminal degradation. Heat treated yeast would likely have a minor effect on DDGS RUP, because only small amounts of yeast (described below) were found to escape ruminal degradation in this study. However, Stein and Shurson (2009) suggested greater levels of yeast cell biomass in DDGS, which may become resistant to lysis and microbial degradation when treated with heat (Bruning and Yokoyama, 1988) . The RUP content of DDGS has been reported to be infl uenced by the processing method during ethanol production. For example, Kelzer et al. (2010a) reported that RUP content of DDGS that had no heat exposure before fermentation is 33.2% whereas the RUP content of DDGS that had heat exposure before fermentation is 56.3%. Table 4 lists estimates of duodenal BCP fl ow obtained by the DAPA procedure. Duodenal estimates of BCP fl ow tended (P = 0.09) to decrease with the inclusion of DDGS and were 473, 393, and 357 ± 78 g/d for CONTROL, LOW DDGS, and HIGH DDGS treatments, respectively. In addition, BCP as a percent of total duodenal CP fl ow was lower (P < 0.01) with increasing levels of DDGS. Estimates were 49, 38, and 30 ± 3.55%, for CONTROL, LOW DDGS, and HIGH DDGS, respectively. Table 4 also lists duodenal BCP fl ow estimated by using DNA marker through the real-time PCR assay. As observed when using DAPA as a marker, the inclusion of DDGS also tended to decrease duodenal BCP fl ow (P = 0.14). Estimates were 479, 397, and 368 ± 84 g/d for CONTROL, LOW DDGS, and HIGH DDGS treatments, respectively. In addition, BCP estimated with DNA marker as a percent of total duodenal CP fl ow decreased (P < 0.01) with increasing levels of DDGS. Estimates were 50, 38, and 31 ± 1.65%, for CONTROL, LOW DDGS, and HIGH DDGS, respectively. In contrast to our results, the inclusion of DDGS in ruminant diets has been reported to maintain or increase ruminal MCP synthesis. For example, Leupp et al. (2009a) fed beef steers 0, 15, 30, 45, or 60% of DDGS (DM basis) replacing a combination of dry rolled corn, sunfl ower meal, and urea and observed no change in total duodenal BCP supply using purines as a microbial marker. In addition, Kelzer et al. (2009b) reported that MCP synthesis estimated with purine derivatives was similar for cows fed a control diet with no DDGS, a diet containing 15% DDGS, or a diet containing 15% high protein DDGS (DM basis). These authors observed that MCP averaged 1,161 g/d. Furthermore, Chibisa et al. (2012) demonstrated that wheat-DDGS can substitute for canola meal as the major protein source in dairy cow diets without negatively affecting MCP production using purine derivatives as a microbial marker. Another study (Leupp et al., 2009b) demonstrated that duodenal BCP fl ow increase linearly from 380 to 551 g/d when steers were supplemented from 0 to 1.2% of BW daily of DDGS. In addition, Janicek et al. (2008) reported that cows consuming 30% DDGS synthesized a similar amount of MCP compared with a diet containing no DDGS using the purine derivative method, with an average of 1,642 g of MCP/d.
Duodenal Bacterial CP Flow Using Diaminopumelic Acid and DNA as Markers
When microbial protein reached the small intestine it represents an important supply of peptides and AA to the host animal (Lapierre et al., 2006) . Some of the factors that may infl uence MCP synthesis are the availability of N, energy availability for rumen fermentation, and ruminal passage rate (Purser, 1970; Stern and Hoover, 1979) . Readily available N in the form of urea (0.25 versus 0% for CONTROL and HIGH DDGS diets, respectively) and greater starch content (5.7 versus 3.5% for CONTROL and HIGH DDGS diets, respectively) may have supported more microbial growth leading to more BCP synthesis when CONTROL diet was fed in the present experiment. The lower duodenal fl ow of MCP observed in this study compared with that observed by Leupp et al. (2009b) may refl ect differences in the chemical composition of diets fed in these 2 scenarios when feeding DDGS. Specifi cally, the 15% DDGS diet fed by these researchers contained 31.2% nonfi ber carbohydrate (NFC) whereas in this study, the 20% DDGS diet contained only 15.9% NFC. Another difference between these 2 diets is the level of CP and urea supplementation. In this study, the 20% DDGS diet was not supplemented with urea and contained only 13% CP whereas the 15% DDGS diet fed by Leupp et al. (2009b) contained 16.2% CP supplemented with 0.67% urea.
No difference was observed (P = 0.71) in duodenal BCP fl ow averaged across treatments when using either DAPA or DNA as bacterial markers (Table 4 ). The overall estimates of duodenal BCP fl ow averaged across treatments were 404 and 417 ± 83 g/d for DAPA and DNA markers, respectively. The use of DNA as a bacterial marker through real-time PCR to estimate BCP has also been reported by other researchers. For example, Belanche et al. (2011b) tested and demonstrated that bacterial 16S rDNA sequences may persist through the gastric digestive tract and their use as a highly specifi c bacterial marker should not be neglected. Several studies have reported the use of DAPA as a bacterial marker (Work and Dewey, 1953; Webster et al., 1990; Dennehy, 2001 ). However, limitations have been suggested for DAPA. For example, its presence in feed sources (Theurer, 1982; Rahnema and Theurer, 1986; Broderick and Merchen, 1992) would represent a source of contamination leading to an overestimation of BCP. In addition, the ratio DAPA:N may vary substantially within the same animals on the same diet with time after feeding (Broderick and Merchen, 1992) . The use of DAPA and DNA for the estimation of BCP in this experiment was based on our hypothesis that the inclusion of DDGS in diets may also provide residual yeast cells, which would contribute to duodenal purines and therefore confound our estimates of microbial protein fl ow and DDGS RUP if purines are used as a microbial marker. One advantage of using DNA as a marker is the fact that it involves a faster and simpler procedure compared with the DAPA protocol performed in this study. In addition, the use of DNA as a microbial marker permits an independent quantifi cation of the bacterial and protozoal N contribution (Belanche et al., 2011a) .
Duodenal Protozoal CP and Yeast CP Flow
As listed in Table 4 , no difference (P = 0.64) was observed in the estimates of duodenal PCP fl ow and averaged 80 ± 2 g/d. On average, the duodenal PCP fl ow represented 16% of total duodenal MCP fl ow. These results are greater than that of Sylvester et al. (2005) , who reported that protozoal N accounts for 11.9% of the duodenal fl ow of microbial N on diets containing 21% forage NDF. On the other hand, our result is less compared with data reported by Punia and Leibholz (1994) , who observed that protozoal N contributes 26 to 29% of total microbial N fl ow in steers being fed kikuyu (Pennisetum clandestinum) hay containing 6.2, 34.5, and 3.8% of CP, ADF, and ADL, respectively. Table 4 lists the estimates of duodenal YCP fl ow, which increased (P < 0.01) with increasing levels of DDGS. Estimates were 0.15, 1.94, and 4.80 ± 0.66 g/d for CONTROL, LOW DDGS, and HIGH DDGS, respectively. This observation agrees with our hypothesis that the inclusion of DDGS to diets would also provide yeast reaching the intestine. When HIGH DDGS treatment was fed, duodenal YCP fl ow represented only 1.06% of total MCP. The amount of yeast protein biomass estimated from DDGS in this study was 1.42% (DM basis). Consequently on average, animals were consuming 29 g/d (or 0.27% of total DMI) of protein from yeast origin when HIGH DDGS treatment was fed and only 17% of those yeast cells resisted ruminal degradation and reached the duodenum. Bruning and Yokoyama (1988) suggested that, when treated with heat, yeast cells of S. cerevisiae are morphologically affected and may be more resistant to degradation. In addition, DNA from yeast has been reported to resist ruminal degradation by Castillo-Lopez et al. (2010) . However, observations from the present trial suggest that when feeding DDGS the amount of yeast based protein resisting ruminal degradation is small and supplied only minimal amounts of RUP to the animal.
In conclusion, coproducts of the ethanol industry, namely DDGS, are important sources of energy and protein in ruminant diets. Therefore, accurate estimates of RUP and MCP supply are important in the successful application of metabolizable protein systems. This study was designed to estimate DDGS RUP value and to evaluate the effect of DDGS on duodenal MCP fl ow when included in ruminant forage-based diets. The observed value of RUP contained in DDGS was greater compared with that of ground corn grain or dried rolled corn. This suggests that the heat applied to DDGS during ethanol production may decrease the degradability of CP of this byproduct by ruminal microorganisms increasing intestinal RUP supply. Duodenal fl ow of protozoa was not affected by DDGS inclusion. However, a small increase fl ow of duodenal yeast was observed, suggesting that a portion of yeast used in the fermentation process of ethanol production resists ruminal degradation. Furthermore, the inclusion of 19.5% of DDGS had no effect on total duodenal in fl ow of DM, OM, and ruminal pH. Results from this experiment should contribute to a more complete understanding of the effect of DDGS on rumen microfl ora and ruminant nutrition.
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